before now.
During attempts to screen for Dragendorffpositive substance (D. P. substance*), some new natural products were found.1j2) We tried chemical screening using this technique to obtain a novel microbial product. As described in the previous papers3'4 '5) we found that an actinomycetes closely related to Streptomyces albulus produced a remarkable amount of a Dragendorff-positive substance in its culture filtrate. In this paper, we describe the isolation and structural studies of the D. P. substance, and evidence that the substance is 2-poly-L-lysine consisting of 25~30 lysine residues.
MATERIALS AND METHODS Fermentation. A loopful of aerial spores of Streptomyces albulus, a D. P. substance producing organism, was inoculated into medium which contained 50 g glycerol, 10g (NH4)2SO4, 5g yeast extract, 0.5g MgSO4-7H2O, 0.03g FeSO4-7H2O, and 0.04g ZnSO4-7H2O in 1 liter of m/50 KH2PO4-Na2HPO4 buffer (pH 6.8) and cultured with shaking for 24~36hr at 30°C. Five ml of this culture was transferred to 100ml of the same medium in a 500ml flask and incubated at 30°C on a reciprocal shaker for 36~48 hr.
Analytical methods. Infrared spectra were obtained with a JASCO IRA-2 using a potassium bromide disc. All melting points were measured using a Micromelting point apparatus (Yanagimoto Seisakusho) and are uncorrected. 
RESULTS AND DISCUSSION
Isolation procedure for the D. P. substance
The flow-sheet of the isolation procedures of the D. P. substance is shown in Scheme 1.
The culture broth (pH 3.2) was filtered and the filtrate was adjusted to pH 8.5. Then, the precipitate formed was removed by filtration.
The filtrate was applied on a column of Amberlite IRC-50 (H+-form) and washed with 0.2n acetic acid and water, successively. The substance was eluted with 0.1 n hydrochloric acid. The eluate was neutralized with 1 n sodium hydroxide and decolorized with active charcoal, and then evaporated to a small volume. The D. P. substance was precipitated as a white powder by addition of an ethanol and ether (2: 1) mixture. The substance was further purified by column chromatography on CM-Sepharose (Na+-form) and Sephadex G-25.
Physicochemical properties of the D. P. substance The isolated pure D. P. substance began to soften and decompose at 250°C without melting. The substance was positive for ninhydrin and Cl2-KI-starch reagent and showed absorption bands at 1680-1640 and 1580-1520 cm"1in the IR spectrum ( Fig. 1 Structural studies of the D. P. substance
The physicochemical properties described above indicate that the D. P. substance has a peptidic nature. On acid hydrolysis (6 N-HC1, 24hr) of the D. P. substance, no amino acid, other than lysine, was detected on a paper chromatogram or by an amino acid analyzer. The time course of the hydrolysis of the substance was shown in a previous communication.^Sixty-two micromoles of lysine was liberated from ll.3mg of the D. P. substance. Lysine liberated showed a specific rotation of +23.8°. These data indicate that the D. P. substance is a homopolymer of lysine with one mole hydrochroride and water in each of its residue.
Mode ofpeptide linkage of the D. P. substance Lysine has two amino groups at alpha and epsilon positions. In order to determine the amino group linked to the carboxyl group, two approaches were tried as follows. At first, the D. P. substance was titrated in aqueous solution containing sodium chloride (/i = 0.5).
The titration curve is shown in Fig. 2 tide linkage.
The second, 2,4-dinitrophenyl derivative of the D. P. substance prepared by the method described in the above section was hydrolyzed in 50% sulfuric acid. Two 2,4-dinitrophenyl derivatives of lysine were found in the hydrolyzate on a paper chromatogram (Fig. 3 L-lysine (isopoly-L-lysine, Scheme 2). E stimation of molecular weight of the D. P. substan ce 1) Stewart etal.9) showed that aplot of the logarithm of the number of lysine residues per molecule against the molarity of sodium chloride in the effluent from the column of CMcellulose on elution with a linear gradient disclosed a simple correlation between the molecular weight and the eluent concentration. This technique was applied in this experiment also. The chromatogram of the partial acid hydrolyzate (6n-HC1, 100°C, 60 min) and native D. P. substance on a CM-Sepharose column is shown in Fig. 4(A) . A plot of the logarithm of the peak number against the molarity of sodium chloride in Fig.  4 (A) showed a simple correlation ( Fig. 4(B) ). From the molarity of the sodium chloride when the D. P. substance was eluted, the substance seemed to contain about 25~30 l ysine residues per molecule.
2) The amount and the ratio between a,edi-2,4-dinitrophenyl-lysine and oc-2,4-dinitrophenyl-lysine in the hydrolyzate of the D. P.
substance prepared with boiling 50% (w/w) sulfuric acid were determined spectrophotometrically.
It is well known that partial decomposition of 2,4-dinitrophenyl derivatives of lysine occurs during acid hydrolysis.
In order to determine the percentage of decomposition of the derivatives, parallel experiments were carried out with the corresponding derivatives. On boiling with 50% sulfuric acid for 10hr, 58% of a-2,4-dinitrophenyl-lysine and 28% of a,£-di-2,4-dinitrophenyl-lysine were decomposed. The results are shown in Table I Molarity of NaCt at Elution Fig. 4(B) . Relationship of Molecular Weight to Salt Concentration in Linear Gradient Elution Analysis from The column was developed with 1 msodium chloride at a flow rate of 1 1.4 ml/cm2/hr. A, cytochrome c (NW 12,384); B, myoglobin (17,800), C, a-chymotrypsinogen A (25,000); D, bovine albumin (67,000). The D.P. substance was eluted at the position marked by "X" (same Kav value as cytochrome c). dinitrophenyl-lysine was obtained in the hydrolyzate. This value well agreed with the data obtained by the chromatographic method described above.
3) The molecular weight of the purified D. P. substance was estimated also by gel filtration on a Sephadex G-100 column (1. 1 x50cm).
Cytochrome c9 myoglobin, achymotrypsinogen A and bovine albumin were used as standards. The results of analysis at the concentration of the eluent which was 1 m sodium chloride are shown in Fig. 5 . The D. P. substance had the same Kay value (0.65) as cytochrome c, so the substance seemedto have a molecular size of 13,000 in this condition. The data of tjiis gel nitration, when considered with those described above (Table I and Fig. 4(B) ), seem to indicate that the microbial poly-L-lysine (D. P. substance) has a somewhat extended form in solusion. The molecular size of the D. P. substance was influenced by salt concentration, that is, the Kavvalue of the substance tend to increase with increasing salt concentration of the eluent. A detailed discussion of this phenomenon will be presented elsewhere.
From the results of the studies described above, the chemical nature of the D. P. substance produced by an actinomycete in its culture filtrate was determined to be a homo- 
